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© Synthetic semiabsorbable yarn, fabric and tubular prosthesis. 



© A composite yarn (10) possessing a nonabsor- 
bable, elastic core yarn component (12) and an 
absorbable, relatively inelastic sheath yam compo- 
nent (14) is employed in the manufacture of a po- 
rous tubular prosthesis (40) useful, e.g. in vascular 
reconstruction. 
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SYNTHETIC SEMI ABSORBABLE YARN, FABRIC AND TUBULAR PROSTHESIS 



This invention relates to the fields of composite 
yarns, fabrics manufactured therefrom and to tubu- 
lar, e.g., vascular tissue, prostheses manufactured 
from yams or fabrics. 

At present there are two surgical methods used 
in vascular repair. In one method, human tissue is 
harvested, usually from the patient, and then re- 
implanted. This necessitates two operations and 
the difficult handling of tissue. In the other method, 
vascular repair is achieved with a synthetic tubular 
prosthesis made from a non-absorbing material 
such as Dacron (Dupont's synthetic polyester fiber 
made from polyethyleneterephthalate) or poly- 
tetrafluoroethylene (PTFE). These grafts are per- 
manent and sometimes show failure after extended 
service due to their dissimilarity to natural tissue. 
These grafts are also limited to repair of larger 
vessels because of occlusion. Grafts with minimal 
porosity do not bleed but also do not allow tissue 
ingrowth. Grafts with high porosity allow tissue ing- 
rowth and formation of a neointimal surface contact 
with the blood, however, these grafts must be pre- 
clotted in the patient's blood prior to placement. 
Some porous grafts with coatings such as albumin 
have been developed in the hope of encouraging 
tissue ingrowth. 

According to U.S. Patent No. 4,474,851. the 
most commonly used fabric for blood vessel pros- 
thesis is made from Dacron produced in several 
weaves and in combination with other materials. An 
example of such a material is the DeBakey Elastic 
Dacron fabric manufactured by USCI, a division of 
C.R. Bard. Inc. (Cat. No. 007830). Other commonly 
used materials are said to include felted polyure- 
thane and polytetrafluoroethylene (Berkowitz et al., 
Surgery . 72, 221 (1972); Wagner et al.. J. Surg. 
Res., 1, 53 (1956); Goldfarb et al., Trans . Am . Soc . 
Art. Int. Org.. XXIU, 268 (1977)). However, it is 
noted that none of these materials even when spe- 
cially woven or crimped is able to satisfactorily 
simulate the elastic nature of natural blood vessel 
walls (Takabayashi et al., J. Surg . Res ., 19. 209 
(1975)). Because of this, blood pressure response 
and blood flow occur differently in natural and 
artificial blood vessels, and the desirable normal 
flow characteristics and pressure response are not 
attained. Changes in blood flow are undesirable 
and often lead to clotting. 

For disclosures of various known types of vas- 
cular prostheses, reference may be made to U.S. 
Patent Nos. 4,208.745 and 4.713,070 (PTFE); 
4,378,017 (de-N-acetylated chitin and fibrous col- 
lagen); 4,474,851 (composite yarn possessing an 
artificial core fiber, e.g., a polyester such as Da- 
cron, and an elastomeric polypeptide chemically 



bonded to the surface of the core fiber); 4,718,907 
(cross-linked fluorine-containing polymer coatings 
on a substrate, e.g., a fabric manufactured from 
polyethylene terephthalate); European Patent Ap- 
5 plication 0 202 444 (fibers manufactured from an 
absorbable polymer, e.g., one derived from 
trimethylene carbonate, and fibers manufactured 
from a nonabsorbable polymer, e.g.. Hytrel or poly- 
ethylene terephthalate); and. PCT Patent Publica- 
w tion No. WO 84/00302 (polylactic acid and seg- 
mented polyester urethane or polyether urethane 
solution deposited upon a PTFE substrate). PCT 
Patent Publication No. WO 89/01320 describes a 
soft tissue prosthesis, said to be useful as a vascu- 
15 lar tissue replacement, which as a ligament pros- 
thesis possesses a central region made up of a 
core component comprising a parallel array of 
elastomeric yarns, e.g.. of a spandex-type 
polyurethane/urea/ether block copolymer, prefer- 
20 ably wrapped with layers of Dacron. 

In accordance with the present invention, there 
is provided a synthetic, semiabsorbable composite 
yarn comprising a nonabsorbable, elastic core yarn 
which imparts resiliency to the composite yarn, the 
25 core yarn being covered with an absorbable, rela- 
tively inelastic sheath yam which imparts trans- 
verse tensile strength to the composite yam. 

The invention also provides a fabric which is 
manufactured from said composite yam and a tu- 
30 bular prosthesis exhibiting staged bioabsorption of 
its external surfaces which is manufactured from 
the fabric or directly from the composite yarn. 

The tubular prosthesis of the present invention 
overcomes or minimizes one or more of the 
35 drawbacks associated with known vascular pros- 
theses such as those referred to above. Thus, the 
porous structure which develops in the prosthesis 
as its external surfaces are eroded by bioabsorp- 
tion provides an effective scaffold for tissue ing- 
40 rowth while the combination of nonabsorbable elas- 
tic core and absorbable inelastic sheath yams of 
the individual composite yams from which the 
prosthesis is manufactured provides initial strength 
and. with the absorption of its external surfaces, 
45 exhibits structural properties resembling the dy- 
namic fluid pressure response characteristics of 
natural vascular tissue. 

Reference will now be made, by way of exam- 
ple, to the accompanying drawings, in which: 
so Figs. 1 and 2 are enlarged isometric view of 

composite yam constructed in accordance with the 
present invention; 

Rg. 3 is an enlarged plan view of a section 
of fabric woven from the composite yarn of Rg. 1 ; 
and. 
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(lactic acid) homo- and co-polymers: 1, Polymer , 
Volume 20, pages 1459-1464 (1979). and D.F. Wil- 
liams (ed.), Biocompatibility of Clinical Implant Ma- 
terials, Vol. II. ch. 9: "Biodegradable Polymers" 
098T). 

Sheath yarns manufactured from polymers of 
high lactide or glycolide content, e.g., those in 
which at least about 75% of the monomeric units 
are derived from either glycolide or lactide, are 
preferred for the construction of the sheath yarn 
component of the composite yarn of this invention. 
Polymers of high glycolide content tend to be 
absorbed more quickly than those possessing a 
high lactide content. Accordingly, the glycolide- 
based polymers may be preferred for the manufac- 
ture of a sheath yarn providing the outermost 
sheath yarn in a multiple sheath yarn construction, 
the underlying internal sheath yarn(s) being manu- 
factured from the more slowly absorbable lactide- 
based polymers. 

The deniers of core yarn 12 and sheath yarns 
14 and 16 are not especially critical with commer- 
cially available deniers being suitably employed. 
Preferably, such deniers are selected so as to 
provide a composite yam having an overall denier 
of from about 40 to about 1200 and preferably from 
about 80 to about 400, the overall denier of the 
core and/or sheath yarns being from about 20 to 
about 600 and preferably from about 40 to about 
200. The deniers of individual filaments in the core 
and sheath yarns of multifilamentous construction 
can vary widely, e.g., from about 0.2 to about 6.0 
and preferably from about 0.4 to about 3.0. The 
base weight for a desired composite yarn will de- 
termine the size and weight of the component 
elements of the yam. Composite yarn 10 pos- 
sesses sufficient core material to impart a desired 
resiliency and sufficient sheath material to provide 
a desired tensile strength for a prosthetic applica- 
tion. In general, the core component can represent 
from about 20 to about 80%. and preferably from 
about 30 to about 70%, of the total weight of the 
composite yam 10. Optimum core and sheath 
weights will, of course, vary depending on the 
specific application of the composite yam and can 
be readily determined in a given case by simple 
trial-and-error technique without undue experimen- 
tation. 

Methods and apparatus for covering core yarns 
with sheath yams are well known and need not be 
described here in detail. In general, the sheath 
yams are wrapped about the core yarn on a cover- 
ing machine which includes a hollow spindle with 
rotating yam supply bobbins supported thereon. 
The elastic core yam is fed through the hollow 
spindle and the elastic sheath yarns are withdrawn 
from the alternate direction rotating supply bobbins 
and wrapped about the core yarn as it emerges 



from the hollow spindle. The core yarn is prefer- 
ably under a slight tension during the covering 
procedure and the sheath yarns are laid down in a 
side-by-side array. The number of wraps per inch 

5 will depend on the denier of the sheath yarns but 
should be sufficient to cause the sheath yams to 
lay close to the core yarn when tension on the 
latter is relaxed. 

As desired, the sheath yarns can be provided 

70 with no twist or with varying degrees of twist. 
Where the yarns are twisted, it can be advanta- 
geous to balance or equalize the twist in the final 
composite yarn structure. Thus, for example, in the 
embodiment of composite yarn 10, if sheath yarn 

15 14 has a given twist, sheath yarn 16 should have 
an equivalent twist. Since sheath yarns 14 and 16 
are laid down in opposite directions, the twist in 
each of these yams will be neutralized in the final 
structure of the composite yarn. Similarly, sheath 

20 yarns 14 and 16 are advantageously of about equal 
weight in order to provide further balance in the 
composite yarn. 

The composite yarn 20 shown in Fig. 2 is 
similar to that of Fig. 1 except that core yam 

25 component 22 constitutes a monofilament and in- 
ternal and external sheath yarns 24 and 26. respec- 
tively, each constitutes a monofilament. In all other 
structural and compositional respects, composite 
yam 20 can be like that of composite yarn 10. 

30 Fig. 3 is an enlarged plan view of a fabric 30 
manufactured from warp and filling composite 
yams 10 of Fig. 1. A simple construction is shown 
but those skilled in the art will appreciate that fabric 
30 can be of complex construction or, for that 

35 matter, any known or conventional construction 
used in the manufacture of fabric. The ends of 
fabric 30 can be formed into tubular prosthesis 40 
of Fig. 4 by conventional seam joining. Alternatively 
and preferably, fabric 30 can be formed into tubular 

40 structure 40 by weaving, braiding or knitting on a 
known or conventional loom thus eliminating the 
need for a seam. Tubular prosthesis 40 can, if 
desired, be given a crimped surface to increase its 
radial strength and/or can be provided with an 

45 external support component e,g, a helical wrap- ■ 
ping, for the same purpose. 

At least one surface of fabric 30 and tubular 
prosthesis 40 is coated with an elastomeric absor- 
bable material which temporarily renders these oth- 

50 erwise porous articles impervious to blood and/or 
other body fluid. This coating material is gradually 
absorbed into the body to be replaced by new 
tissue which maintains the liquid-impervious char- 
acter of the prosthesis. As previously mentioned, 

55 the sheath component of the individual composite 
yams from which the fabric/tubular prosthesis is 
manufactured will itself erode over time due to its 
bioabsorption leaving only the nonabsorbable core 



4 



7 



EP 0 397 500 A2 



8 



as a permanent scaffold for the new tissue growth. 
The degree of elasticity exhibited by the absor- 
bable coating material must be sufficient to accom- 
modate the alternate elongation-contraction which 
the fabric/tubular prosthesis undergoes when im- 
planted in the body while at the same time retain- 
ing its fluid-occluding function. 

This sequence of stepped, or staged, absorp- 
tion of the outer elastomeric absorbable coating 
followed by absorption of the underlying absor- 
bable sheath yarns (themselves capable of staged 
bioabsorption in an embodiment previously de- 
scribed) occurring over an extended period of time 
and accompanied by a gradual accumulation of 
new tissue which replaces the absorbed compo- 
nents enables the prosthetic article of this invention 
to remaining impervious to blood and other body 
fluids while providing an effective support structure 
for new tissue. 

Suitable elastomeric absorbable coating materi- 
als include those prepared from such monomers as 
glycolic acid, glycolide, lactic acid, lactide, p-diox- 
anone, trimethylene carbonate, e-caprolactone, 
hydroxycaproic acid, etc., and optionally can con- 
tain one or more blocks or sequences of polymeric 
units which are hydrophiliic in character, e.g., poly- 
(oxyalkylene) units such as poly(oxyethylene), 
poly(oxypropylene), poly(oxyethylene-ox- 
ypropylene), etc. Thus, e.g., a suitable absorbable 
elastomeric coating can be based on a terpolymer 
of polyethylene glycol, e-caprolactone and 
glycolide and can be applied to the fabric/tubular 
prosthesis from solution, e.g., of acetone, 
methylene chloride or other suitable organic sol- 
vent. The quantity of elastomeric absorbable coat- 
ing required to achieve fluid imperviousness in the 
underlying fabric/tubular prosthesis will vary in ac- 
cordance with the structure and mechanical prop- 
erties of the particular substrate material being 
coated. In general, the coating can represent from 
0.1 to about 5%, and preferably from about 0.2 to 
about 3%, by weight of the entire coated structure. 

It is also within the scope of this invention to 
coat or impregnate tubular prosthesis 50 with, or 
otherwise apply thereto, one or more materials 
which enhance its functionality. For example, an 
anti-thrombogenic material such as heparin can be 
incorporated into the prosthesis, advantageously by 
addition to the absorbable elastomeric coating 
composition which is applied to the prosthesis. 

It is also within the scope of the invention to 
incorporate into the prosthesis one or more 
medico-surgically useful substances, e.g., those 
which accelerate or beneficially modify the healing 
process when the prosthesis is applied to a graft 
site. So, for example, the prosthesis can be pro- 
vided with a therapeutic agent which will be depos- 
ited at the grafted site. The therapeutic agent can 



be chosen for its antimicrobial properties, capability 
for promoting wound repair and/or tissue growth or 
for specific indications such as thrombosis. Thus, 
for example, antimicrobial agents such as broad 

s spectrum antibiotics (gentamycin sulphate, eryth- 
romycin or derivatized glycopeptides) which are 
slowly released into the tissue can be incorporated 
into the prosthesis to aid in combating clinical and 
sub-clinical infections in a surgical or trauma 

w wound site. To promote wound repair and/or tissue 
growth, one or several growth promoting factors 
can be introduced into the tubular prosthesis, e.g., 
fibroblast growth factor, platelet derived growth fac- 
tor, macrophage derived growth factor, alveolar de- 

75 rived growth factor, monocyte derived growth fac- 
tor, magainin, and so forth. In all cases, the 
amounts of these functional additives can be within 
the usual art-recognized ranges. 

20 

Claims 

1. A synthetic, semi absorbable composite yarn 
(10) which comprises: 

25 a) a nonabsorbable, elastic core yarn (12) 

imparting resiliency to the composite yarn; and 

b) at least one absorbable, relatively inelastic 
sheath yearn (14) imparting transverse strength to 
the composite yarn. 

30 2. Yarn as claimed in Claim 1 in which the core 
yam and/or sheath yam(s) comprises one or mul- 
tiple filaments (22, 24, 26). 

3. Yam as claimed in Claim 2 in which the core 
yam and/or sheath yarn(s) comprises twisted or 

35 intertwined multiple filaments (13, 15, 17). 

4. Yarn as claimed in Claim 3 in which the 
denier of an individual filament is in a range of from 
0.2 to 6.0. 

5. Yam as claimed in Claim 4 in which the 
40 denier of an individual filament is in a range of from 

0.4 to 3.0. 

6. Yarn as claimed in any one of the preceding 
claims in which the core yam possesses an elon- 
gation at break of at least 30%. 

45 7. Yarn as claimed in Claim 6 in which the core 
yarn possesses an elongation at break of at least 
40%. 

8. Yarn as claimed in Claim 7 in which the core 
yam possesses an elongation at break of at least 

so 60%. 

9. Yam as claimed in any one of the preceding 
claims in which the sheath yarn possesses a 
straight tensile strength of at least 2.0 GPa. 

10. Yam as claimed in Claim 9 in which the 
55 sheath yarn possesses a straight tensile strength of 

at least 4.0 GPa. 

11. Yam as claimed in Claim 10 in which the 
sheath yam possesses a straight tensile strength of 
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at least 6 GPa. 

12. Yarn as claimed in any one of the preced- 
ing claims in which the overall denier of the core 
yarn and/or sheath yarn is from 20 to 600 and the 
overall denier of the composite yarn is from 40 to 5 
1200. 

13. Yarn as claimed in Claim 12 in which the 
overall denier of the core yarn and/or sheath yarn 
is from 40 to 200 and the overall denier of the 
composite yarn is from 80 to 400. w 

14. Yarn as claimed in any one of the preced- 
ing claims, wherein the core yarn represents from 
20% to 80% of the total weight of the composite 
yarn. 

15. Yarn as claimed in Claim 14 wherein the 75 
core yarn represents from 30% to 80% of the total 
weight of the composite yarn. 

16. Yarn as claimed in any one of the preced- 
ing claims in which a sheath yarn (14) is wound . 
about the core yarn (12) in direct contact therewith. 20 

17. Yarn as claimed in any one of the preced- 
ing claims in which a first sheath yarn (14) is 
helically wound around the core yarn in a first 
direction. 

18. Yarn as claimed in Claim 17 in which a 25 
second sheath yarn (16) is helically wound around 

the first sheath yarn (14) in a second, opposite 
direction. 

19. Yam as claimed in Claim 18 in which the 
second sheath yam (16) exhibits a higher rate of 30 
absorbability than the first sheath yarn (14). 

20. Yam as claimed in any one of the preced- 
ing claims wherein a hydrophiiic coating is applied 
to the core yam. 

21. A fabric (30) manufactured from yam as 35 
claimed in any one of the preceding claims, the 
fabric possessing a body fluid-impervious coating 

of an elastomeric absorbable material applied to at 
least one surface thereof. 

22. Fabric as claimed in Claim 21 in which the 40 
elastomeric absorbable material is a polymer the 
backbone of which contains at least one hydrophiiic 
sequence. 

23. A tubular prosthesis manufactured from 
yarn as claimed in any one of Claims 1 to 20. or 45 
fabric as claimed in Claims 21 or 22. the tubular 
prosthesis (40) possessing a body fluid-impervious 
coating of an elastomeric absorbable material ap- 
plied to at least one surface thereof. 
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